ABSTRACT
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INTRODUCTION
The tuvira (Gymnotus spp.), also called "sarapó", swordfish, "carapó" and "ituí" belongs to the same electric fish family. Its occurrence in the Pantanal river basin is in lentic environments with turbid water and aquatic vegetation rich in organic matter from flooding where it's their refuge and they can find food (ROTTA, 2004) .
According to BARBIERI & BARBIERI (1983ab, 1984 ) the average size of tuvira's first gonadal maturation can be set between 24,8cm and 25,6cm, reaching maximum average length of 54,6cm. Stands out as live bait to be part of several species feed diet like the piscivorous species fish such as "dourado" Salminus brasiliensis and "surubins" Pseudoplatystoma sp. (PEREIRA & RESENDE, 2006) .
Nematodes of the Anisakidae family (RAILLET & HENRY, 1912) and Acanthocheilidae (WULKER, 1929) , have been recorded in several species of fishes (REGO, 1979; MORAVEC et al., 1997; ISAAC et al., 2004; PAVANELLI et al., 2004; MARTINS et al., 2005; GUIDELLI et al., 2006; BARROS et al., 2007; LACERDA et al., 2008; VICENTIN et al., 2011) . Are characterized by being parasites that have heteroxenous cycle with its transmission involving fish, aquatic invertebrates as well as molluscs and crustaceans as intermediary hosts parathenic or definitive (ANDERSON, 2000) .
The constant capture Gymnotideos reduced the number of specimens of this species in the natural environment, so the captive production can be an alternative for the local population, and reduce the capture of pressure on the natural environment (MORAES & ESPINOZA, 2001 ). However, studies on the endoparasite fauna that affects the tuvira in confined environment, demonstrate that the parasites have limited its creation (ISHIKAWA et al., 2014) .
Several studies have described the prevalence of parasites in this species (ISSAC et al., 2004; TAKEMOTO et al, 2009 ); however, there are no studies reporting the disease caused due to infection by these parasites. Due to the wide use of Gymnotus spp. as commercial bait fish farming becomes necessary to investigate the parasitic fauna of this species. It is important to know the hygiene and health conditions, and ambient water quality which is the creation of commercial baitfish farming, since the parasite may be related to cultivation environment.
The aim of this study was to evaluate the pathological changes in Gymnotus spp. liver caused by endohelminth.
MATERIALS AND METHODS
A total of 35 tuviras (Gymnotus spp.) were collected from different commercial bait fish farming (19º00'25.78"S, 57º39'04.63"O; 21º55'44.35"S, 54º34'54.98"O; 21º00'30.92"S, 57º16'51.51"O; 22º08'06.04"S, 53º37'20.58"O) between April 2012 to October 2013, in the Pantanal basin in Mato Grosso do Sul, Brazil. Specimens were transported to Laboratory of Embrapa Agropecuária Oeste and euthanized by means of deep anesthesia with clove oil (150mg L -1 ). The clove oil (WNF Ind. and Com. Ltda, São Paulo -SP) was obtained in natural food store and due to its oily nature, a stock solution was prepared in the proportion of 1 g of oil to 10ml absolute alcohol or alcohol 95° (1g 10mL -1 ) (VIDAL et al., 2006) . The stock solution calculations were made to obtain the concentration of 150mg L -1 , according to the water volume from each tank where the fishes were euthanized.
In each specimen, besides the biometric data of weight and total length, it was also done research about endoparasites. The collected parasites were treated according to EIRAS et al., 2006 and identified based on MORAVEC (1998) .
Fish liver samples were also collected infected with nematodes and processed in the Morphophysiology Laboratory of the Agricultural Sciences Faculty from the Federal University of Grande Dourados. Tissue pieces were fixed in 10% formalin, dehydrated in an ethanol gradual series clarified in xylol and saturated in paraffin. Histological sections of 7µm were stained with hematoxylin-eosin for tissue general analysis and also submitted to histochemical reaction from Perls Prussian Blue (Perls) for the evidence of the hemosiderosis degree (Fe +++ ). The hemosiderosis was evaluated in two ways, semi-quantitatively that punctuates from one to three, according to the incidence and severity deposit of Fe +++ in each liver: a) Mean Value Calculation of Variation (MVV) according to the incidence (I-absence; II-punctual and III-extensive) adapted from SCHWAIGER et al., 1997; b) Calculation of Histopathological Variation Index (HVI), based on the lesion severity (I-does not affect the organ function; II-affects the organ function and III-irreversible), adapted from POLEKSIC & MITROVIC-TUTUNDZIC (1994). Histological changes have been analyzed under a light microscope (in the increases 10x/0,25; 40x/0,65 and 100x/1,25), linked to a camera in order to acquisition of digital images.
RESULTS
Specimens of Gymnotus spp. analyzed had a mean weight of 85,54 ± 30,45g and an average length of 29,80±3,91cm (adults specimens). From the 35 evaluated exemplars obtained a prevalence of 100% of nematodes parasitism. Some fishes presented more than one parasite species, being found six species of nematodes, Brevimulticaecum sp.; Eustrongylides sp; Contracaecum type I; Contracaecum type II; Contracaecum type III; a few specimens were identified only as larvae of Anisakidae, it was not possible to identify the gender (Table 1) .
Macroscopic analysis of Gymnotus spp. liver showed red coloring brownish and friable consistency with the presence of several endocysts. Macroscopically, these cysts were whitish and were situated in the hepatic parenchyma near the organ surface, producing infection both in the central and peripheral regions, and in some samples, there was perforation of organ stroma, allowing externally viewing of the cyst.
Microscopic evaluation revealed cysts presence with one or up to five parasites, in 100% of livers analyzed. In some there were entire larvae, in others only intensely fibrosis amorphous materials (Figure 1 ). Several samples presented parasitic thrombus with vessel occlusion; however, it was not observed acute inflammatory process. It was also registered degenerated hepatocytes presence undergoing apoptosis at necrosis areas and hepatic parenchyma disorganization.
The hepatic tissues submitted to Perls histochemical reaction presented normal tissue interspersed with different Fe+++ deposit degrees. The importance factor of hepatopathy revealed that 100% of the samples presented hemosiderosis severity in different stages for this metabolic change. The analysis results were as follows: Grade II, moderate intensity and with impared organ function, 10% and Grade III, severe hemosiderosis with irreversible changes 90%.
In all livers it was also observed many macrophages and melanomacrophages centers (MMCs) spread throughout the hepatic parenchyma forming small aggregates of heterogeneous materials, involving in an increasing manner all granulomatosis formation, which actively participated in the chronic parasitic and inflammatory reaction. Microscopically the MMCs have shown intensely blue colored (hemossiderin) resulting from the positive Pelrs reaction (Figure 2 ).
DISCUSSION
The encysted larvae of parasites are more pathogenic than those that lodge in the digestive tract (DICK & CHOUDHURY, 1995) . In general, the nematodes didn't cause specific response, few reports on fish mortality associated with the parasitic nematode (EIRAS et al., 2010) . Among the species reported in this study no reports of mortality associated with Contraceacum sp in African freshwater fish (GRABDA, 1989) .
The microscopic analysis results that denotes cysts and thrombus parasitic found on every livers are at different development stages, while some are fibrosis showing the process chronicity. However, it was not observed acute inflammatory process according to RODRIGUES et al. (2002) in Salminus maxillosus parasitized by Neocucullanus neocucullanus.
The lack of acute inflammatory process indicates that the parasite is not causing to the host a reaction with inflammatory cells, but the compression of the adjacent liver parenchyma, leading to a disorganization of the hepatocyte cords, small areas of necrosis and hemorrhage. Furthermore, the host presents a great amount of melanomacrophages centers and macrophages spread out throughout the parenchyma, as observed by DEZFULI et al. (2015) , in the Perca fluviatilis liver parasitized by tapeworms, indicate that these individuals are in a chronic process PF-parasitized fishes; EF-examined fishes; TP-total of parasites.
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and reacting immunologically to the parasite presence and or the presence of other stress agents. Fibrosis lesions associated with small necrosis areas have been reported by SANTORO et al. (2013) in antarctic fishes and in this same study it was reported different degrees of chronic inflammation in liver tissue caused by larval forms of Contracaecum osculatum and Diphyllobothriidae, which corroborates the present study. This fact may explain the apparent tuviras resistance that even with intense parasitism by nematodes, with the presence of several endocistos in the liver, can maintain stable health.
In this way, it can be suggested that there is an equilibrium relation between tuvira and endoparasites, which may be committed in the presence of other stress agents such as management and inadequate water quality for the species, while capturing and commercialization, result in high mortality in commercial bait fish farming. This equilibrium relation can also be changed with the stress resulting from any type of pollution or even the climate variation naturally presented in the environment where tuviras are captured.
Hemosiderosis also registered in this study has provided a testimony to the condition of commercial bait fish farming in the current ecosystem conditions. The excessive accumulation of hemosiderin pigment is known as hemosiderosis, and reflects hemorrhage or hemolytic anemia (ROBERTS, 2001; WOLKE et al., 1985) . In normal cell the Fe deposit may be reversible and does not cause functional change; however, according to the magnitude and persistence, can injure or destroy the cell.
The hemosiderosis of moderate to severe intensity was observed in 100% of livers analyzed and have as etiological agents: parasitic spoliation leading to an anemia and hemorrhage (ROBERTS, 2001; WOLKE et al., 1985) , toxins, xenobiotics or iron intake arising from the aquatic environment (AYOADE & ICULALA, 2007) . Among other sources, distinct individual metabolic responses or stress might induce cellular changes by increasing erythrocytes degradation and consequently the hemoglobin breaking, increasing the incidence metabolic Fe deposit. A moderate or severe degree of hemosiderosis observed in this study may indicate that the tuviras source environment is contaminated by endoparasites and/or other pollutant type.
The melanomacrophages center occurs in the fishes hepatic parenchyma. It forms large aggregates and increases in size after active phagocytosis of heterogeneous materials such as detritus, melanin (brown or black color), ceroid or hemosiderin and lipofuscin (natural yellowish color or blue) (AGIUS, 1980; MUNSHI & DUTTA, 1996) . Are utilized as bioindicators of water pollution (AYOADE & ICULALA, 2007; BALAMURUGAN et al., 2012) , as well as stressful factor indicators (HUR et al., 2006; ALAGAPPAN et al., 2009) .
In the present study these results were observed probably due to the chronicity of parasitic infection. It is admitted the hypothesis that the parasites found in our study and histological changes caused by them may be responsible for the stimulation of the formation mechanisms of these centers. These results are in agreement with the results observed by AGIUS & ROBERTS (2003) in teleost fishes where the presence of MMCs is due to the active phagocytosis period. These changes may be attributed even to age, sex and species of animals evaluated (DABROWSKA et al., 2012) .
The studied tuviras come from capturing natural environment and is subsequently wrapped in commercial bait fish farming, in these environments the hygiene conditions are poor, a fact that own the development of diseases and disorders in animals.
CONCLUSION
The intense parasitic infection by nematodes, the histological findings as necrosis, disorganization of the hepatic parenchyma and pathogenic hemosiderosis, allied to the immunological response to the presence of melanomacrophages centers, suggests a chronic response and development of a balance relation between tuvira and intense parasitism by endohelminth identified in this study. The data obtained in this study have provided information about the animals health and suggests that the quality of the aquatic environment from commercial bait fish farming and the environment where they were captured, may be compromised. As a suggestion for research development on this species, it is purposed the need for health monitoring studies, especially in the water quality of commercial bait fish farming and the environment where tuviras are captured.
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